United States Patent 9
Miyashita et al.

[54] AIR-FUEL RATIO CONTROL METHOD FOR
INTERNAL COMBUSTION ENGINES

Yukio Miyashita; Hiroshi Mifune;
Atsushi Matsubara; Kunio Noguchi,
all of Wako, Japan

[75] Inventors:

[73] Assignee: Honda Giken Kogyo Kabushiki
Kaisha, Tokyo, Japan
[21] Appl. No.: 770,257
[22] Filed: Oct. 3, 1991
[30] Foreign Application Priority Data
Oct. 5, 1990 [JP]  JAPan ..ooeoeeeeeeeeesermeseeressone 2-268097
[51] Imt. CLS ..eerrecrrrcicrsecnnnnsensenanes F02D 41/14
[52] US. Cl ..corrrcririrnccinicnnicinnaes 123/682; 123/492
[58] Field of Search ................ 123/440, 489, 492, 493
[56] References Cited
U.S. PATENT DOCUMENTS
4,627,404 12/1986 Saito et al. .....ccveirrvninenn 1237440 X
4,633,841 1/1987 Matsuura et al. .......cccenuenee, 123/492
4,711,200 12/1987 Kinoshita .....cccceceirivinrincnnen. 123/492
4,754,736 7/1988 Yamato et al. ....ccccvviieninne. 123/492

3 6

INTERNAL _ TOREE
. COMBUSTION [————1 'wav
ENGINE

IIIIIIIIIIIIIIIIIII!IIIIIIIIIIIIIIIII JA IR RAL TSR

US005144931A
[11] Patent Number: 5,144,931
[45] Date of Patent: Sep. 8, 1992
4,864,999 9/1989 FUJiSAWE -..ovvvmrrvverserererrenerens 123/492
4,913,120 4/1990 Fujimoto et al. cooooo..... 123/492 X
5,014,672 5/1991 Fujii et al. oovovec....... v 1237489 X

FOREIGN PATENT DOCUMENTS
62-251443 11/1987 Japan .

Primary Examiner—Tony M. Argenbright
Attorney, Agent, or Firm—Armstrong & Kubovcik

[57] ABSTRACT

An air-fuel ratio control method for an internal combus-
tion engine, in which the air-fuel ratio of a mixture
supplied to the engine is feedback-controlled to a de-
sired air-fuel ratio in response to output from an exhaust
gas ingredient concentration sensor. When the engine is
in a predetermined accelerating condition, fuel supply
to the engine 1s increased. The rate of correction of the
air-fuel ratio of the mixture by the feedback control is
set to a smaller value when the engine is in the predeter-
mined accelerating condition, than values to be set
when the engine is in other operating conditions.

9 Claims, 5 Drawing Sheets

FUEL INJECTION
VALVE

14

A CATALYST

1S

| MEANS_T --9¢

'OUTPUT
CIRCUIT |

— — )




5,144,931

Sheet 1 of 5

Sep. 8, 1992

U.S. Patent

1SAIVIVD
AVM

~J34HL

|y L1nouio)}
PS =~ 1nd1no,
_.I —— e——

5.~ .|; SNVIW

|
AHOW3W !

ANION3
NOILSN8WOD

TIVNY3LNI

il

IATIVA S
NOILD3PNI 13N

1’91 4



U.S. Patent Sep. 8, 1992 Sheet 2 of 5 5,144,931

CALCULATION OF KLAF

- 523
s21~_[[RETRIEVE PTDC
SZZEFLAFFB = 1IN NO DKAFy_=0
LAST LOOP-? KCMDy_s=KACT),
524 YES '
PEAN kacT
525
— NO _-NiTDC=07
NITDC=NITDC-| e Ser
TRETRIEVE KP, KI, KD, NI
528 \_IDKAFy | >DKPID~. NO
s29~ ?
YES
DKAFy_—0  DKAFy—0
$30
“KLAFP—DKAFy x KP
KLAF|—=—KLAF! + DKAFy x KI
KLAFD—(DKAFy, - DKAFy_,) x KD
s3|
YES KLAFI>LAFIH I
532 ‘
s34

S33 . <KLAF | <L AF |

{ KLAFI—LAFIH KLAFI—LAFIL
S35

KLAF —KLAFP + KLAF| + KLAFD
$36 DKAFy _ | —DKAFy
S3T NITDC—NI | F1G.2



'KD~-KDIDL

U.S. Patent Sep. 8, 199i Sheet 3 of § 5,144,931

CALCULATION OF
KP, KI, KD, NI

F1G.3a
YES ID_!'.ING
- " INO
NI—=NHDL S42
K I=—KHDL IMMEDIATELY_ YES S44

KP—KPIDL Sg‘fAFTER F/C ? _
INO NI—NIAFC

DURING INCREASED YES Ki—=KIAFC
(_j: FUEL SUPPLY FOR

KP—=-KPAFC
ACCELERATION KD=KDAFC

S46

Ni=NIACC

Ki=KIACC
KP=KPACC

KD-=KDACC

S45 :erO

<NE:NEN|| ? .
35 l . _
<PBA<PBNI| 7>m—1£350
YES NO
PBA< PDNI2-
-S43 'NI=NII .
Ki—K1ll | S5 YES $52
KP-KPil| NI—=NTI2 NI=NII3

KD—KDl|

Ki—=KIl12 Ki=KiI3
KP—=KPI2 | KP=KP13

- KD—KDI3
? NO KD-KDI2

' s:ma“m ~?H55

YES PBA<PBN|2-2.NO

NI—NI|2I S35 YES So8
Ki—=Ki2l

E>NENI2

NI—=NI22
Ki=Ki22
KP—=KP22

{KD—KD22

KP=KP21

o KD—KD21 |
557




" U.S. Patent

Sep. 8, 1992 Sheet 4 of 5
S59
ESNENIZITN0 S60
YES ,
DBA<PBNI 17 N0
S61 YES
' NI—N131 1 PBA<PBNI|27?
Kl—KI3 S62
o Kos | NI—NI32
Kl=—KI32
KP—KP32
SE5 KD—KD32
' NO
- 2 |
BA<PBNI} SE7
| S66 YES NO
PBA<PBNI|27?

Ni=Ni4|

Ki=—Kl4]
KP=KP4 |

KD—KD4!

_

Nl-—=Ni42

Ki—Ki4q2
KP—=KP42

KD—KD42

‘Ni=NI43

Ki=KI43
KP—KP43

KD—KD43

5,144,931

NO

S64

Ni—=N|33
Kl=KI33

KP--KP33
KD-KD33

S69



5,144,931

Sheet 5 of 5

Sep. 8, 1992

U.S. Patent

3N

€ININ

120
1P d
1PN
1PIN

A4
AL

A4,
¢PIN

R 40
Ebdi
EviA
£vIN

cEaN
e dM
C€ I

SINJN

XA

gcdM
X Py
€CIN

| INSN

€10M

E€ldi
€1

€I1IN

1INEd

2INgd

veid




5,144,931

1

AIR-FUEL RATIO CONTROL METHOD FOR
INTERNAL COMBUSTION ENGINES

BACKGROUND OF THE INVENTION

The present invention relates to a method of control-
ling the air-fuel ratio of an internal combustion engine,
and more particularly, to a method of this kind wherein
the air-fuel mixture supplied to the engine is feedback-
controlled to a desired air-fuel ratio in response to the
output of an exhaust gas ingredient concentration sen-
sor having output characteristics in approximate pro-
portion to the exhaust gas ingredient concentration.

Among conventional methods of feedback-controll-
ing the air-fuel ratio of an air-fuel mixture supplied to an
internal combustion engine (referred to hereinafter as
“supply air-fuel ratio’”) to a desired air-fuel ratio in
response to the output of an exhaust gas ingredient
concentration sensor having output characteristics pro-
portional to the exhaust gas ingredient concentration,
there is a method proposed e.g. by Japanese Provisional
Patent Publication (Kokai) No. 62-251443, in which a
proportional term (P term), an ‘integral term (I term),
and a differential term (D term) are calculated based on
a difference between an actual air-fuel ratio detected by
the exhaust gas ingredient concentration sensor and a
desired air-fuel ratio, and by the use of these calculated
P, I, and D terms the supply air-fuel ratio is feedback-
controlled. |

However, according to this conventional method,
feedback gains applied to calculation of the P, I, and D
terms are set based on the engine rotational speed and
the difference between the actual air-fuel ratio and the
desired air-fuel ratio, but not set with other operating
parameters of the engine taken into consideration.
Therefore, the proposed method has the following dis-
advantage:

When the engine is in a predetermined accelerating
condition, supply of an increased amount of fuel suitable
for the accelerating condition (hereinafter referred to as
“increased fuel supply for acceleration”) is carried out.
During increased fuel supply for acceleration, the ac-
tual air-fuel ratio detected by the exhaust gas ingredient
concentration sensor is deviated toward the richer side
relative to the desired air-fuel ratio. Howevcr, if the
amount of fuel supplied to the engine is rapidly de-
creased in response to this deviation, the supply air-fuel
ratio is largely deviated in a leaning direction immedi-
dately after termination of increased fuel supply for
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acccleratmn, which results in degraded driveability of 50

the engine.
SUMMARY OF THE INVENTION

It is the object of the invention to provide an air-fuel
ratio control method for an internal combustion engine,
which is capable of properly feedback-controlling the
air-fuel ratio during increased fuel supply for accelera-
tion to thereby prevent degradation of driveability,
especially immediately after termination of increased
fuel supply for acceleration.

To attain the above object, the present invention
provides an air-fuel ratio control method for an internal
combustion engine having an exhaust passage, and an
exhaust gas ingredient concentration sensor arranged in

335

the exhaust passage for detecting the concentration of 65

an ingredient in exhaust gases from the engme, wherein

an amount of fuel to be supplied to the engine is calcu-
lated by the use of output from the exhaust gas ingredi-

2

ent concentration sensor to thereby feedback-control
the air-fuel ratio of a mixture supplied to the engine to
a desired air-fuel ratio, and when the engine is in a
predetermined accelerating condition, the amount of
fuel to be supplied to the engine is cut off.

The air-fuel ratio control method according to the
invention 1s characterized by comprising the steps of:

(1) determining whether or not the engine is in the
predetermined acclerating condition; and

(2) setting a rate of correction of the air-fuel ratio of
the mixture by the feedback control to a smaller value
when the engine is in the predetermined accelerating
condition, than values to be set when the engine 1s In
operating conditions other than the prodetermined ac-
celerating condition.

The exhaust gas mgredlent concentration sensor has
output characteristics approximately proportionate to
the concentration of the ingredient in the exhaust gases.

Preferably, the amount of fuel to be supplied to en-
gine is determined by multiplying a basic fuel amount
by a desired air-fuel ratio coefficient representing the
desired air-fuel ratio, and an air-fuel ratio correction
coefficient calculated based on the desired air-fuel ratio
coefficient and an equivalent ratio representing an ac-
tual air-fuel ratio which 1s commensurate with the out-
put from the exhaust gas ingredient concentration sen-
sor, the rate of correction of the air-fuel ratio of the
mixture by the feedback control being determined by a
rate of correction of the air-fuel ratio correction coeffi-
cient.

More specifically, the air-fuel ratio correction coeffi-
cient is obtained by adding up a proportional term, an
integral term, and a differential term, the proportional,
integral and differential terms being calculated by the
use of respective predetermined coefficients and a dif-
ference between the desired air-fuel ratio coefficient
and the equivalent ratio representing the actual air-fuel
ratio, the rate of correction of the air-fuel ratio correc-
tion coefficient being determined by the predetermined
coefficients. |

The proportional, integral and differential terms are
calculated by multiplying the respective predetermined
coefficients by the difference between the desired air-
fuel ratio coefficient and the equivalent ratio, the re-
spective predetermined coefficients being set to smaller
values when the engine is in the predetermined acceler-

_ating condition, than values to be set when the engine is

in the operating conditions other than the predcter-
mined accelerating condition.

Preferably, the desired air-fuel ratio coefficient hav-
ing a value thereof assumed a second predetermined
time period earlier than a present time is applied to the
calculation of the proportional, integral and differential
terms.

Specifically, the second predetermined time period is
determined by a number of TDC signal pulses gener-
ated during a time period from the time fuel injection is
effected to the time the resulting exhaust gases reach the
exhaust gas ingredient concentration sensor.

In the meanwhile, the air-fuel ratio correction coeffi-

- cient is renewed whenever a predetermined number of

TDC signal pulses are generated, the predetermined
number of TDC signal pulses being dependent on oper-
ating conditions of the engine, the rate of correction of
the air-fuel ratio correction coefficient being also deter-
mined by the predetermined number of TDC signal
pulses.
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More specifically, the predetermined number of
TDC signal pulses is set to a larger value when the
engine is in the predetermined accelerating condition,
than values to be set when the engine is in the operating
conditions other than the predetermined acceleratmg
condition.

The above and other objects, features and advantages
of the invention will be more apparent from the ensuing
detailed desenptlon taken in conjunction with the ac-
companying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

10

FIG. 1 is a block diagram illustrating the whole ar-

rangement of a fuel supply control system for carrying
out the control method of the invention;

FIG. 2 is a flowchart of a program for calculating an
air-fuel ratio correction coefficient KLAF;

FIGS. 3a and 3b are flowcharts of a program for
setting a thinning-out number (INI) and gains (KI, KP,
KD) of feedback control; and

FIG. 4 is a diagram showing results of setting of NI,
K1, KP, and KD effected by the program of FIG. 3.

DETAILED DESCRIPTION

The method according to the invention will now be
described in detail with reference to the drawings show-
ing an embodiment thereof.

Referring first to FIG. 1, there is shown the whole
arrangement of a fuel supply control system which 1is
adapted to carry out the control method of this inven-
tion. In an intake pipe 2 of an engine 1, there is arranged
a throttle body 3 accommodating a throttle body 3’
therein. A throttle valve opening (0TH) sensor 4 1s
connected to the throttle valve 3’ for generating an
electric signal indicative of the sensed throttle valve
opening and supplying same to an electronic control
unit (hereinafter referred to as “the ECU”) §.

Fuel injection valves 6 are each provided for each
cylinder and arranged in the intake pipe between the
engine 1 and the throttle valve 3, and at a location
slightly upstream of an intake valve, not shown. The
fuel injection valves 6 are connected to a fuel pump, not
shown, and electncally connected to the ECU § to have
their valve opening periods controlied by signals there-
from.

15

20
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4

mined crank angle of a particular cylinder of the engine,
both of the pulses being supplied to the ECU S§.

A three-way catalyst 14 is arranged within an exhaust
pipe 13 connected to the cylinder block of the engine 1

- for purifying noxious components such as HC, CO and

NOyx. An O; sensor 15 as an exhaust gas ingredient

concentration sensor (referred to hereinafter as an

“LAF sensor”) is mounted in the exhaust pipe 13 at a
location upstream of the three-way catalyst 14, for sup-
plying an electric signal having a level approximately
proportional to the oxygen concentration in the exhaust
gases to the ECU 8.

The ECU § comprises an input circuit Sa having the
functions of shaping the waveforms of input signals
from various sensors, shifting the voltage levels of sen-
sor output signals to a predetermined level, converting
analog signals from analog-output sensors to digital
signals, and so forth, a central processing unit (hereinaf-
ter referred to as “the CPU”) 55, memory means Sc
storing various operational programs which are exe-
cuted in the CPU 5) and for storing results of calcula-
tions therefrom, etc., and an output circuit 84 which
outputs driving signals to the fuel injection valves 6.

The CPU 5b operates in response to the above-men-
tioned signals from the sensors to determine operating
conditions in which the engine 1 is operating such as an
air-fuel ratio feedback control region and open-loop

~ control regions, and calculates, based upon the deter-

30

mined operating conditions, the valve opening period
or fuel injection period Toyrover which the fuel injec-

- tion valves 6 are to be opened by the use of the follow-

35

ing equation (1) in synchronism with inputting of TDC
signal pulses to the ECU §: -

Tour=TiXKCMDM XKLAF XK +K3 (1)

where Ti represents a basic fuel amount, more specifi-

cally a basic fuel injection period which is determined
according to the engine rotational speed Ne and the
intake pipe absolute pressure PBA. The value of Ti is

 determined by a Ti map stored in the memory means Sc.

45

In the meanwhile, an intake pipe absolute pressure
(PBA) sensor 8 is provided in communication with the
interior of the intake pipe 2 via a conduit 7 at a location

immediately downstream of the throttie valve 3’ for
supplying an electric signal indicative of the sensed
absolute pressure to the ECU 5. An intake temperature
(TA) sensor 9 is inserted into the intake pipe 2 at a
location downstream of the intake pipe absolute pres-
sure sensor 8 for supplying an electric signal indicative
of the sensed intake temperature TA to the ECU 3.
An engine coolant temperature (TW) sensor 10,
which may be formed of a thermistor or the like, is
mounted in the cylinder block of the engine 1 for sup-
plying an electric signal indicative of the sensed engine

coolant temperature TW to the ECU §. An engine rota-

tional speed (NE) sensor 11 and a cylinder-discriminat-
ing (CYL) sensor 12 are arranged in facing relation to a
camshaft or a crankshaft of the engine 1, neither of
which is shown. The engine rotational speed sensor 11
generates a pulse as a TDC signal pulse at each of pre-
determined crank angles whenever the crankshaft ro-
tates through 180 degrees, while the cylinder-dis-
criminating sensor 12 generates a puise at a predeter-

35

65

KCMDM is a modified desired air-fuel ratio coeffici-
ent which is calculated by multiplying a desired air-fuel
ratio coefficient KCMD set according to engine operat-
ing conditions and representing a desired air-fuel ratio
by a fuel cooling correction coefficient KETV. The
correction coefficient KETV is intended to apply a
prior correction to the fuel injection amount in view of
the fact that the supply air-fuel ratio varies due to the
cooling effect produced when fuel is actually injected,
and its value 1s set according to the value of the desired
air-fuel ratio coefficient KCMD. Further, as will be
clear from the aforementioned equation (1), the fuel
injection period Tour increases if the desired air-fuel
ratio coeflicient KCMD increases, so that the values of
KCMD and KCMDM will be in direct proportion to
the reciprocal of the air-fuel ratio A/F. -

KLAF i1s an air-fuel ratio correction coefficient
which is calculated by a program described hereinafter
with reference to FIG. 2 and set such that during feed-
back control the air-fuel ratio detected by the LAF
sensor 15 will become equal to the desired air-fuel ratio,
and is set to predetermined values depending on engine
operating conditions during open-loop control.

K and K3 are other correction coefficients and cor-

rection variables, respectively, which are calculated

based on various engine parameter signals to such val-
ues as to optimize characteristics of the engine such as
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fuel consumption and accelerability depending on en-
gine operating conditions.

‘The CPU 5b performs calculations as described he-
reintofore, and supplies the fuel injection valves 6 with
driving signals based on the calculation results through
the output circuit 5d.

FIG. 2 shows a program which calculates the air-fuel
ratio correction coefficient KLLAF. This program is
carried out in synchronism with inputting of each TDC
signal pulse to the ECU 5.

At a step S21, a time lag TDC variable PTDC which
indicates a time lag before exhaust gases reach the LAF
sensor 15, by the number of TDC signal pulses, 1s read
from a PTDC table set in acccordance with the intake
pipe absolute pressure PBA. The PTDC table 1s set

6

differential term (D term) coefficient KD, the coeffici-

ents serving as feedback gains, and the thinning-out
number NI

In FIG. 3, first at a step S41, it is determined whether |
or not the engine is idling. If the answer to this question
1s affirmative (Yes), the thinning-out number NI and the

- coefficients KI, KP and KD are set to respective prede-

10

15

based on the fact that the time period from the time fuel

is injected into the intake pipe 2 to the time the resulting
exhaust gases reach the LAF sensor 15 varies with the
intake pipe absolute pressure PBA. According to the
PTDC table, the time lag TDC variable 1s set to a
smaller value as the intake pipe absolute pressure PBA
is higher.

At a step S22, it is determined whether or not a flag
FLAFFB, which is set to a value of 1 when the air-fuel
ratio feedback control is being performed, assumed a
value of 1 when an immediately preceding TDC signal
pulse was generated (i.e. in the last loop of the present
program). If the answer to this question is affirmative
(Yes), the program immediately proceeds to a step S24,
whereas if the answer is negative (No), an immediately
preceding value (i.e. a value obtained in the last loop)
DKAFnx.; of a difference between an equivalent ratio
(hereinafter referred to as the “actual air-fuel ratio”)

termined values NIIDL, KIIDL, KPIDL, and KDIDL
(e.g. 4, 0.063, 0, 0, respectively) for idling at a step S42.
If the answer to the question is negative (No), i.e. 1f the
engine is not idling, 1t is determined at a step S43
whether or not the present loop is executed immediately
after fuel cut. Here, the expression “immediately after
fuel cut” means ‘“before a predetermined time period
corresponding to a predetermined number of TDC
signal pulses elapses after termination of fuel cut”. If the

-~ answer to the question of the step S43 i1s affirmative

20

25

30

representing an air-fuel ratio detected by the LAF sen-

sor 15 and a desired air-fuel ratio coefficient KCMD is
set to a value of 0, and at the same time a value
KCMDn.p of the desired air-fuel ratio coefficient as-
sumed P loops before the present loop is set to a present
value KACT y of the actual air-fuel ratio, at a step S23,
followed by the program proceeding to the step S24.
Here, “P” is equal to a value of the time lag TDC vari-
able PTDC calculated at the step S21.

At the step S24, a present value DKAF yof the differ-
ence between the actual air-fuel ratio and the destred
air-fuel ratio coefficient KCMD is calculated by sub-
tracting a present value KACTy of the actual air-fuel
ratio from the value KCMDy.p of the desired air-fuel
ratio assumed P loops before the present loop. If this
step is reached by way of the step 23, KCMDy.
P=KACT, so that DKAFN=0.

‘At the following step S25, it is determined whether or
not a thinning-out TDC variable NITDC is equal to O.
“If the answer to this question is negative (No), the thin-
ning-out TDC variable NITDC is decreased by a decre-
ment of 1 at a step S26, followed by terminating the
present program. The thinning-out TDC varnable
NITDC is used for renewing the air-fuel ratio correc-
tion coefficient KLAF whenever a thinning-out num-

ber NI of TDC signal pulses have been generated, the
thinning-out number NI being set depending on operat- 60

ing conditions of the engine. If the answer to the ques-
tion of the step S25 is affirmative (Yes), ie. if
NITDC=0, the program proceeds to a step S27 et seq.
where the air-fuel ratio correction coefficient KLAF is
renewed.

At the step S27, by a subroutine shown in FIG. 3,

there are calculated a proportional term (P term) coeffi-

33

(Yes), i.e. immediately after fuel cut, the thinning-out
number NI and the coefficients KI, KP, KD are set to
respective predetermined values NIAFC, KIAFC,
KPAFC, KDAFC (e.g. 2, 0.6, 1.2, 0.8, respectively) to
be applied immediately after fuel cut, at a step S44.
Here, the thinning-out number NIAFC to be applied
immediately after fuel cut assumes a value smaller than
those to be applied after the lapse of the predetermined
time period after termination of fuel cut, and the PID
coefficients KPAFC, KIAFC, KDAFC assume values
larger than those applied after the lapse of the predeter-
mined time period. This contemplates the fact that dur-
ing fuel cut, the air-fuel ratio correction coefficient
KL AF is held constant to interrupt the feedback con-
trol. By setting the thinning-out number NI and the
coefficients NI, K1, KP, and KD in this manner, a rate
(speed) increases immediately after termination of fuel
cut, at which the supply air-fuel ratio is corrected in

- response to the difference DKAF between the actual

45

33

65

cient KP, an integral term (I term) coefficient KI, anda

‘air-fuel ratio and the desired air-fuel ratio, which ena-

bles to make the supply air-fuel ratio rapidly follow the
desired air-fuel ratio. As a result, it is possible to prevent
degradation of exhaust emission characteristics and
driveability which would otherwise occur immediately
after termination of fuel cut.

If the answer to the question of the step S43 is nega-
tive (No), 1.e. if the present loop is not one immediately
after fuel cut, it is determined at a step S45 whether or
not increased fuel supply for acceleration (i.e. supply of
an increased amount of fuel when the engine is acceler-
ating) is being carried out. If the answer to this question
is affirmative (Yes), the thinning-out number NI and the
coefficients KI, KP, KD are set to respective predeter-
mined values NIACC, KIACC, KPACC, and KDACC
(e.g. 4, 0.063, O, 0, respectively) for increased fuel sup-
ply for acceleration at a step S46.

The thinning-out number NIACC for increased fuel
supply for acceleration 1s set to a value larger than those
applied when the engine is in any of the other operating
conditions, and the PID coefficients KPACC, KIACC,
and KDACC for increased fuel supply for acceleration -
are set to values smaller than those applied when the
engine is in any of the other operating conditions. This
contemplates the fact that while increased fuel supply is
being carried out, the actual air-fuel ratio is deviated in
an enriching direction due to another coefficient ap-
plied for increased fuel supply for acceleration, but if
the air-fuel ratio correction coefficient KILLAF is
changed rapidly in response to this deviation, the supply
air-fuel ratio is largely deviated in an leaning direction
upon termination of increased fuel supply for accelera-
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tion, i.e. excessive correction of the supply air-fuel ratio
results. By setting the thinning-out number NI and the
PID coefficients KI, KP, KD in this manner, the rate
(speed) of correction of the supply air-fuel ratio is de-
creased, so that during increased fuel supply for accel-
eration, the supply air-fuel ratio relatively slowly fol-
lows the desired air-fuel ratio, which enables to prevent
degradation of driveability immediately after termina-
tion of increased fuel supply for acceleration.

If all of the answers to the questlons of the steps S41,
S43, and S45 are negative (No), i.e. if the engine is not
“idling, and at the same time the present loop is neither
one immediately after fuel cut nor one during increased
fuel supply for acceleration, in the following steps S47
to S69, the thinning-out number NI and the PID coeffi-
cients KP, KI, and KD are set according to the engine
rotational speed NE and the intake pipe absolute pres-
sure PBA, as shown in FIG. 4. Specifically, these values

N1, KP, K1, and KD are set according to the relation-

ship in magnitude between an actual value of the engine
rotational speed NE and predetermined values NENI1
to NENI3 (e.g. 1000, 2500, 4000 rpm, respectively) as
well as the relationship in magnitude between an actual
value of the intake pipe absolute pressure PBA and
predetermined values PBNI1 and PBNI2 (e.g. 360, 560
mmHg, respectively). In this connection, in the present
embodiment, the predetermined NE and PBA values
NENI1 to NENI3, PBNI11 and PBNI2 used for determi-
nation of these relationships in magnitude (at steps S47,
S48, S50, S53, S54, S56, S59, S60, S62, S65, and S67 in
FIG. 3) are each provided with a hysteresis between the
time the parameter value increases and the time it de-
creases.

(1) IINE = NENII1,

(1-1) If PBA < PBNII: NI = NI11 (e.g
K111 (e.g. 0.25), KP =
(e.g. 0).

(1-2) If PBNI1 = PBA < PBNI2: NI = NI12 (e.g. |
4), K1 = KI12 (e.g. 0.6), KP = KPI2 (e.g. 1.2), and KD =
KDI12 (e.g. 0.8).

(1-3) ¥ PBNI2 = PBA: NI = NI13 (eg. 2), Kl =
K113 (e.g. 0.6), KP = KPI3 (e.g. 0.95), and KD =
KD13 (e.g. 0.25).

(2) I NENIl < NE = NENI2,
(2-1) If PBA < PBNIIi: NI = NIi2i (e.g. 4), K] =
- K121 (e.g. 0.3), KP = KP21 (e.g. 1.15), and KD =

KD21 (e.g. 0.4).

- (2-2) If PBNI1 = PBA < PBNI2: NI = NI22 (e.g.
2), KI = KI22 (e.g. 0.3), KP = KP22 (e.g. 1.03), and
KD = KD22 (e.g. 0.4).

(2-3) If PBNI2 = PBA: NI = NI23 (e.g. 2), KI =
KI23 (e.g. 0.35), KP = KP23 (e.g. 0.95), and KD =
KD23 (e.g. 0.25).

(3) If NENI2 < NE = NENI3,

(3-1) If PBA < PBNII1: NI = NI31 (e.g. 4),KI =
K131 (e.g. 0.3), KP = KP31 (e.g. 1.1), and KD = KD3l
(c.g. 04).

(3-2) If PBNIi = PBA < PBNIL2: NI = NI32 (e.g.
2), KI = K132 (e.g. 0.35), KP = KP32 (e.g. 0.95), and
KD = KD32 (e.g. 0.4).

(3-3) If PBNI2 = PBA: NI = NI33 (e.g. 2), KI =
KI33 (e.g. 0.4), KP = KP33 (e.g. 0.85), and KD =
KD33 (e.g. 0.3). |

(4 IfNE > NENI3,

(4-1) If PBA < PBNII: NI = NI4} (e.g. 2), KI =
K141 (e.g. 0.35), KP = KP41 (e.g. 1.05), and KD =
KD41 (c.g. 0.4).

(4-2) If PBNI1 = PBA < PBNI2: NI = NI42 (e.g.
2), KI = KI42 (e.g. 0.35), KP = KP42 (e.g. 0.9), and
KD = KD42 (e.g. 0.4).

(4-3) If PBNI2 = PBA: NI = NI43 (e.g. 2), KI =
K143 (e.g. 0.4), KP = KP43 (e.g. 0.8), and KD = KD43

. 4), KI =
KP11 (e.g. 0), and KD = KDI1
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-continued
(e.g- 0.35).

Referring again to FIG. 2, at a step S28, it is deter-
mined whether or not the absolute value of the present
value DKAF y of the difference calculated at the step
S24 is larger than a predetermined value DKPID. If the
answer to this question is negative (No), ie. if
|DKAF | =DKPID, the program jumps to a step S30,
whereas if the answer is affirmative (Yes), i.e. if
|DKAFN| >DKPID, both the immediately preceding
value DKAFx.1 and the present value DKAF N of the
difference are set to a value of O at a step $29, and then
the program proceeds to the step S30, where the pro-
portional term KLAFP, the integral term KL AFI, and
the differential term KLLAFD are calculated according
to the following equations (2) to (4):

KLAFP = DKAFn X KP

(2
KLAFI = KLAFI + DKAFN X KT | 3)
KIAFD = (DKAFNn — DKAFN_ 1) X KD 4)

Therefore, if the answer to the question of the step
$28 is affirmative (Yes), i.e. if |DKAFy|>DKPID, it
follows that KLAFP=KILAFD=0, and KLAFI=K-
LAFI, since both the values DKAFyand DKAF . are
set to O at the step S29. In other words, the feedback
control by the proportional term and differential term is
stopped, and the integral term is held at the immediately
preceding value.

Thus, when the actual air-fuel ratio KACT is vio-
lently fluctuated as at an early stage of acceleration or
when misfire occurs, which leads to | DKAFy| >DK-
PID, the feedback control by the proportional term and
the differential term is stopped, and the integral term is
held at the immediately precedmg value, which enables
to prevent large fluctuations in the air-fuel ratio, which
lead to degradation in dnveablhty and exhaust emission
characteristics.

At steps S31 to S34, limit checking of the integral
term KLAFI calculated as above is carried out. More
specifically, the calculated value of the integral term
KL AFI 1s compared with predetermined upper and
lower limit values LAFIH and LAFIL at steps S31 and
S32. If the intergal term KL AFI exceeds the upper limit
value LAFIH, it is set to the upper limit value LAFIH, -
whereas if it is smaller than the lower limit value
LAFIL, it is set to the lower limit value LAFIL.

At a step S38, the air-fuel ratio correction coefficient

'KLAF is calculated by adding up the PID terms

KLAFP, KLAFI, and KLAFD. Then, the immediately
preceding value DKAFxN.; of the aforementioned dif-
ference is set to the present value DKAFyof same at a
step 536, and the thinning-out variable NITDC is set to
the thinning-out number NI calculated at the step S27 at
the step S37, followed by tcrmmatmg the present pro-
gram.
‘What 1s claimed is: | -

1. An air-fuel ratio control method for an internal
combustion engine having an exhaust passage, and an
exhaust gas ingredient concentration sensor arranged in
said exhaust passage for detecting the concentration of
an ingredient in exhaust gases from said engine, wherein
an amount of fuel to be supplied to said engine is calcu-
lated by the use of output from said exhaust gas ingredi-
ent concentration sensor to thereby feedback-control
the air-fuel ratio of a mixture supplied to said engine to
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a desired air-fuel ratio, and when said engine 1s 1n a
predetermined accelerating condition, said amount of
fuel to be supplied to said engine 1s 1ncreased,

the method comprising the steps of:

(1) determining whether or not said engine is in
said predetermined accelerating condition; and
(2) setting a rate of correction of the air-fuel ratio

of said mixture by said feedback control to a
smaller value when said engine 1s in said prede-
termined accelerating condition, than values to
be set when said engine is in operating conditions
other than said predetermined accelerating con-
dition.

2. An air-fuel ratio control method according to
claim 1, wherein said exhaust gas ingredient concentra-
tion sensor has output characteristics approximately
proportionate to the concentration of said ingredient in
said exhaust gases.

3. An air-fuel ratio control method according to
claim 2, wherein said amount of fuel to be supplied to
said engine is determined by multiplying a basic fuel
amount by a desired air-fuel ratio coefficient represent-
ing said desired air-fuel ratio, and an air-fuel ratio cor-
rection coefficient calculated based on said desired air-
fuel ratio coefficient and an equivalent ratio represent-
ing an actual air-fuel ratio which is commensurate with
said output from said exhaust gas ingredient concentra-
tion sensor, said rate of correction of the air-fuel ratio of
said mixture by said feedback control being determined
by a rate of correction of said air-fuel ratio correction
coefficient.

4. An air-fuel ratio control method according to
claim 3, wherein said air-fuel ratio correction coeffici-
ent is obtained by adding up a proportional term, an
integral term, and a differential term, said proportional,
integral and differential terms being calculated by the
use of respective predetermined coefficients and a dif-
ference between said desired air-fuel ratio coefficient

and said equivalent ratio representing said actual air-
fuel ratio, said rate of correction of said air-fuel ratio
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correction coefficient being determmed by said prede-
termined coefficients.

5. An air-fuel ratio control method according to
claim 4, wherein said proportional, integral and differ-
ential terms are calculated by multiplying said respec-
tive predetermined coefficients by said difference be-
tween said desired air-fuel ratio coefficient and said
equivalent ratio, said respective predetermined coeffici-
ents being set to smaller values when said engine is in
said predetermined accelerating condition, than values
to be set when said engine is in said operating conditions
other than said predetermined accelerating condition.

6. An air-fuel ratio control method according to
claim 5, wherein said desired air-fuel ratio coefficient
having a value thereof assumed a second predetermined

.time period earlier than a present time is applied to said

calculation of said proportional, integral and differential
terms.

7. An air-fuel ratio control method according to
claim 6. wherein said second predetermined time period
is determined by a number of TDC signal pulses gener-
ated during a time period from the time fuel injection is
effected to the time the resulting exhaust gases reach
said exhaust gas ingredient concentration sensor.

8. An air-fuel ratio control method according to
claim 4, wherein said air-fuel ratio correction coeffici-
ent is renewed whenever a predetermined number of
TDC signal pulses are generated, said predetermined
number of TDC signal pulses being dependent on oper-
ating conditions of said engine, said rate of correction of
said air-fuel ratio correction coefficient being also deter-
mined by said predetermined number of TDC signal
pulses.

9. An air-fuel ratio control method according to
claim 8, wherein said predetermined number of TDC
signal pulses is set to a Jarger value when said engine is
in said predetermined accelerating condition, than val-
ues to be set when said engine is in said operating condi-
tions other than said predetermined accelerating condi-

ti0n.
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